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    深海占地球表面积的49%，是地球表面最大的生物栖息场所，深海环境中
（微）生物基因资源的开发具有现实、重要的资源及科学价值。典型深海特征为
低温(<5℃) 和高压 (最高达 110 MPa)，据估计在此极端条件下，深海环境中可
培养微生物还不到0.01%，采用宏基因组技术能部分克服培养方法产生的偏差，
获得新的科学发现和基因资源。 







在 3 个深海沉积物富集宏基因组文库中发现了 16 个产颜色的克隆子，这些
克隆子发酵产物具有抗真菌和/或抗肿瘤（细胞毒）活性。从其中两个克隆子 5C11
和 11F6 中分离鉴定出 6 个环二肽化合物和三个吲哚类化合物，其中一个为新结
构的(2-羟基苯基)(二-1H-吲哚-3-基)乙酸，该化合物具有良好的细胞毒活性，


























Deep-sea accounts for 49% of the earth's surface so as to be the earth's largest 
bio-habitat areas. Biomining the biological(microbial) genetic resources shows the 
great practical and scientific importance. Typical deep-sea environment is 
characterized by low temperature(<5℃) and high pressure(up to 110MPa). It is 
estimated that there may be less than 0.01% cultured microbes under this extreme 
circumstances. Metagenomic approach can be used to overcome at least partially the   
bias, gain access to new scientific discoveries and genetic resources. 
Three metagenomic libraries with deep-sea sediments samples throµgh 
previously enrichment methods were constructed. Functional screening of 
antitumor(cytotoxic),antibacterial and antivirus activity from fermentation products 
originated from three enriched metagenomic libraries and two previously constructed 
environmental deep-sea metagenomic libraries clones was performed. 
Chemical diversity analysis showed that fermentation products from deep-sea 
environmental metagenomic libraries clones were majorly from E.coli background. 
Functional screening resulted in indentification several antitumor (cytotoxic) mixed 
clones and three antiviral monoclones. 
16 color-producing clones which showed antifungus and or antitumor(cytotoxic) 
were found in three enriched deep-sea metagenomic libraries. Six cyclo dipeptides 
and three indol derivatives compounds including a new structure and cytotoxic(IC50 
aroud 25µg/ml) (2-hydroxyphenyl)(di-1H-indol-3-yl)acetic acid  were isolated and 
characterized from two clones 5C11 and 11F6.   
Throµgh full length sequencing of ten color-producing clones, one aromatic 
hydrocarbon degradation gene cluster and two phenol degradation gene clusters were 
identified. Transposon mutation analysis , HPLC fingerprints analysis and cytotoxic 
detection results demonstrated that these clusters are closely related with cytotoxic 
activity of second metabolism products from these clones. Full length sequencing and 
transposon mutation analysis resulted in identification of two 4HHP enzymes which 















and one flavin-binding monooxygenase related to tryptophan metabolism. 
Our results indicated that pre-enrichment methods show great potential to 
improve positive probability of screening bioactive substance from deep-sea 
metagenomic libraries, the positive rate was up to less that 1/10
3
 clones from more 
than 1/10
5
 clones.  
 





































河水、活性污泥、沉积物和土壤中微生物的可培养性分别为0. 001 ～ 0. 1 %、





养微生物基因资源成为可能。1986 年,Olsen GJ 等（3 ） 提出直接从环境中克隆
微生物16S rDNA ,从而开启了以分子生物学方法研究不可培养微生物的大门。
1991 年, Schmidt TM 等（4） 通过克隆北中大平洋海水微浮游生物样品中的DNA
构建了第一个噬菌体文库。1996年 , DeLong 小组（5） 构建了海水环境DNA的基






























                    图 1.1 宏基因组学示意图 












































能基因、基因簇及其表达产物，并应用于人类的健康、工业、农业、环保等领域。    
对不同生境宏基因组的高通量测序包括了鸟枪法（8-17）和454测序法（18-32），
截止到2008年度，获得的宏基因组数据如表1.1和表1.2。 
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